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Marked-Up Specification 
DESKTOP PROJECTION MONITOR 
^CROSS-REFERENCE TO RELATED APPLICATIONS 

^ w,rh was disclosed in Provisional Application 

This application claims an invcnt.onwh.ch was disciosea tu. benefit 

"Desktop Projector . The beneru 
Number 60/108,100, filed November 12, 1998, entitle F ^ 

und er 35 USC §1 19(e) of the United States provisional " 

. • M « rt f Serial No 09/323,651. filed June 1, IW, 

amplication is also a continuation-in-part of benaiwo.w 

application rrT.H < :??. n 67g£Jj ^ November 30 , 

which is also a -PTT International Afl>li^^ 

^^^^^ 

FIELD OF THE INVENTION 

The invention perUins to the field of display device, More particularly, the invention 
penains to video displays for computers using projection technologyJhdMM^o 

to^thdojo^^^ reduction Jtasojml 

di SB!aga mi, J uU.au.n..Hl. mi H.IMl.rrfhvnnfWmt^^ 

BACKGROUND OF THE INVENTION 

Dr Steven Sauter has studied extensively the health effects of Video Display Terminals 
("VDTs", also referred to as "cathode-ray tubes" or "CRTs", and generally as computer 
monitors) and describes the common problem of eyestmin^«ed by thoir extensive 


20 we: 


As a class, visual system disturbances such as sore, aching, irritated, 
or tired eyes, and blurred or double vision arc probably the most common 
health-related complaints among VDT users. Headache is often included in 
this cluster. Together, these types of disturbances are often referred to 
loosely as asthenopia, visual fatigue, or simply eyestrain... "Occupational 
Health Aspects of Work With Video Display Terminals", from 
Environmental and Occupational Medicine, ppl 109-1 1 19, William N. 
Rom, ed., Boston: Little, Brown, 1992, ISBN 0316755672. 


a looi poll nfomce workers bv the Louis Ha rris O r g anization {Journal ^Beh asjorgl 
n r ,„ n ,,,ru Vol. S. No. 3 (1994V n. 59^ repo rt ed that computcrcvestrain was the number 
nnr j nh-related complaint in the w ork force of the United States. 

5 A Cathode Ray Tube creates images by shooting an electron gun at a-wall of phosphors 
elements aligned a. a grid, each representing a pixel m^fki. When hit by electrons, these 
elements emit photons directly at the user. There is a direct transmission of light from the 
phosphor elements, where the light is generated, to the uscrls_ey_cs. "Direct transmission" 
is defined as light travelling in a path without reflection. .From the 2-dimensional 

l o phosphor grid the photons collectively produce an image as the gun sweeps from left to 
right and top to bottom in a process called raster scanning. The screen is usually redrawn, 
or refreshed, 60 or more times in a second. A fundamental aspect of the CRT technology 
is the direct transmission of the image over a short distance, the principal cause of 
eyestrain and headaches a s described helnw with th e Computer Eyestrain Theory. 

15 

A 1901 poll of office workers by tho Louio I l arrio Organization {Journal ofBcha s wral 
O pto may, V o l. 5, N n 1 (109-') p ™) p>r nr " H rnmpnt o r n vesrrain was the nurnh n r 
o n tt joh rolat o d complaint in tho work force of the United Stater. T he Computer Eyestrain 
Theory, developed by the present inventor, postulat e s explains that directly transmitted 

20 liph t over a short distance adversely affects the human visual system. According to the 
theory, the solution is in using reflected light, rather than directly t ransmitted light,_arid 
elongating the distance traveled bv the light, to principally alleviate computer eyestrain, 
assuming all other environmental and physical factors are held constant,_at_a typical level. 
Howeve r, il i s to b e und e r c tood that the - inv e ntion di s clo se d a mt-cta imed h e rein is -re>Uo-be 

25 UmkeQ^>v4his4heefVTThe li ghting in the computer office environment, work associated 
str ess level of th e c omputer user are each important factors that i nfl uence eyestra in. 

The Computer Eyestrain Theory feties- states that eyestrain derived from the use of 
computers is principally alleviated upon the application of these en-two principles: when 
30 thejength of the distance from the (multi-point) light source used to create the image to 
the viewe r's eyes is increased : and when the occurrence of at least one reflection in the 
path of the image is created. Both the reflection and distance contribute to creating a more 
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random and uniform distribution of light before reaching the human visual system. 

where each nival nets as an independm ^gjnisource, 

Mwartten to b, c e ding f n th n i h ^ ryH .^u aiu uu ■ i i hy nuti mnv p 

con v e ntiona l ro mn^ mo n itor can be a tiev4*ed4A^ 

t hereto, in u se- ef a ™"*" i "tin"ftl monito r? 

S«v«a4»ew^ ourcu r. in clone proximity can ser v e oa a first orde r mod e l for all monito rs; 
whwfrearfhpw* 1 aota ar, a point i.ource. In the natural world of the human visual system, 
light that is absorbed has a definite random and uniform property partly due to diffuse 
reflection. Human beings typically don't look straight at the Sun but rather view objects 
using the Sun's reflection. The light has traveled a long distance and has experienced 
1 5 reflection before reaching a human visual system. The human visual system is optimis e d 
designed t o handle this type of light that is more wk)>^r^-el«nwm-ef-randomRess^r 
more uniform . Using the multi-point light source as the model, A a direct transmission 
monitor emits light with li tt le randomn ess less uniformity b ecause each independent 
point source emits photons over a short distance from the monitor to the viewer with no 
20 reflection in the path. A CRT monitor with a SXGA ( 1 280X 1 024) resolution has over one 
million independent light sources emitting photons to the eyes. 


According to the theory, the human visual system has a much harder time coping with 
25 directly transmitted light over a short distance , especially for extended periods of time. 

Those with impaired visual systems are the ones most likely to experience more eyestrain; 
4 y to ar ise in a shorter time span. 
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Assuming that the viewer is at a fixed distance close to the monitor. T -the Computer 
Eyestrain Theory postulates that the most important factor in alleviating eempwteF 
eyestrain is th e diff e rence between tran s m i tt e d v o r s u s r o flocted l ight to create a reflection 
in the path of the ima P c rather than the type o f light source used. , T-r„min C thm ih* 


ee 


v iewer is at a fixed < faU uiou Jo se to th e i mage c ou re e^It a^ea^k^isju^ type of 
light emitted in nnr tVin mnr r w o n f _which causes eyestrain «frcommonly exper i enc ed 
variou s sourc e ^ - light su ch as -juclLa.mctal halide lamps, light-emitting phosphor pixel 
elements or other types. For example, experiments w ere conducted with a CRT monitor, 
as the source of the imag e emitting photons w ith its phosp hpji^xcUlcmcnts. Usinp two 
jojeuhe correc t inversion, there was eyes trai.nmthowt the mirrors and no 


mirror? 


eyestrain with th e mirrors supporting the Computer Eyestrain T heory. In bothjascs* 
phncphnr elements act ing as the type oflight used did no t change. earvatt-cwse-cempvira 
eyostfa-in-^ The inventor tested three different types of projector techn ologies each with 
1 o their own lig ht so urce with no eyestra in . Additionally, the inventor teste d three different 
types of direct transmission monitors each with their unique light source and exp erienced 
eyestrain. 


Creating a reflection in the path of the image is on e of the principles of the Computer 
1 5 Eyestrain Theory to principa lly alleviate ey est rain. Experiments have shown that 
Mo reov e r, i t app eare-thauhc cha r a ct e r of the refl e cting surfac e- is not relat e d to the 
alleviat i on of ey es train thus provided; that is, specularly-reflecting surfaces such as 
aluminum or glass mirrors , and diffusely-reflective surfaces, such as conventional 
projection screens -are both equa l ly effective in helping to alleviatkH*eo£ eyestrain -as-are 
20 diffus e ly reflective surfac es , such qg conventional proj e ction scr ee ns (though of course 

allowance must be made for the fact that a specularly-reflecting surface inverts the image, 
unlike a diffusely-reflecting surface). It is difficult to achieve a pure specularly-re flecting 
surface for any purpose. One should assume that there are some diffusive characteristics 
on any experim ented reflecting surface on some magnification level. Therefore, reflection 
25 is important because it contributes to creating a type of light that is more random and 
uniform. 


Furth e rinor o A direct consequence of -these experiments conducted on the light source and 
reflecting surfaces is that the alleviation of eyestrain is independent of the projection 
30 technology.? Jt appears that the type of projection t e chnology e mployed i s not a dir e ct 

factor i n all e viation of comput e r eyestrain. Experiments have been conducted on various 
projection technologies from LCD (Liquid Crystal Display) and DMD™ (Digital 
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Micromirror Devices™) to Ffilm projectors: reaching the sam_e_ all rending to the 
conclusion that a projection system alleviates eyestrain compared to all direct transmission 
technologies, examples of which include CRT (Cathode Ray Tube) monitors, LCD 
monitors, PDP (Plasma Display Panel) monitors, PALCD (Plasma Addressed Liquid 
5 Crystal Display) monitors, and FED (Field Emissive Display) monitors. The theory f***s 
ha^only one requirement forto successfully alleviatkwe of eyestrain_al_ajoughly close 
fixed distance, edreiwse-Q ccar . ion e d h y-viw wg a computer di s play image at a -r-clafrv^y 
oloso fin e d dintano e mam e ly that the image has to be reflected before reaching the viewer. 

io Thus, according to the theory, direct transmission of the image from a conventional CRT 
monitor to the viewer over a short distance causes most of the eyestrain. There may be 
other contributing factors such as the lighting at the location of the monitor, radiation, and 
the level of stress attributed to the work. However, keeping other environmental and 
physical factors constant, at a typical level, according to the theory, the principal cause of 

is eyestrain is directly transmitted light over a short distance. refl e oted vorsu o transm i tted 

In particular, one experiment was conducted with a CRT Mmonitor, as the source of 
the image, using two mirrors to get the correct inversion. There was eyestrain without the 
mirrors and no eyestrain with the mirrors, , s upport i ng This supports the Computer 
Eyestrain Theor y because in the experiment with the mirrors the image has traveled a 

20 longer distance to the eves and experienced reflection . 

In the eve medical community, it is commonly accepted that a larger image at a further 
distance is easier on the eyes, contributing to rhc alleviation of eyestrain occasioned by the 
u se of computers. Th i s distance from the eyes to the image is referred to as the focusing 

25 distance or optical distance. According to this line of thinking, if the image is being 

r eflected, then the focusing or optical distance i s only to the screen or mirror, where the 
image is being reflected, because this is the plane to which the eyes are focusing. The 
Computer Eyestrain Theory makes a clear break with this traditional thinking by teaching 
that it is not the focusing distance that is the most important factor, but rather the distance 

30 the light carrying the image travels from the light source to the viewer's eyes. The 

invention is t he best implementation of the inventor's theory. However, the invention is 
not limited by the Comput er Eyestrain Theory, and the invention does also provide the 
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An eye doctor, Dr. Cosmo Salibc.lo, m ade public studies that reinforced .Computer 
Eyeln Theory by experimenting with duTerent ways to understand the be av,or of the 
visual system. Dr. Salibello invented the concept of PRIO examination on the prem.se 
that the principal cause of eyestrain isdue to the inherent mechanism by which computer 
monitors display information - the fact that characters created by CRTs and the hke tend 
to appear to the eye to be closer than they actually are, resulting in the eye cycling back 
and forth from a "resting point of accommodation" (RPA) (the point at which the eye 
focuses naturally) to the apparent focus point of the screen. The so-called "PRIO glasses" 
now available -are prescription eyeglasses which cause the RPA tocoincide with the 
surface of the CRT. .The PRIO method is set forth in Salibello et al U.S. Patent 4,998,820, 
"Instrument and Method for use in Optometric Examinations." The importance of the 
PRIO method is that it firmly establishes with the Computer Eyestrain Theory that 
eyestrain is not principally generated by radiation, office lighting or other factors but 
rather by inherent mechanism of direct transmission computer displays. 

According to the PRIO line of thinking, it is the low frequency content of the pixels of the 
image, resulting in poorer contrast and lack of sharpness that cause eyestrain. This does 
not explain the present inventor's observation that individuals -experience little or no 
eyestrain using a projector at a lower resolution, -but experience eyestrain while using a 
higher resolution CRT monitor. Dr. Salibello made the contribution of describing the 
behavior of our visual system under computer stress. However, instead of developing a 
solution that addresses the inherent mechanism of most computer displays - the root cause 
of the problem - Dr. Salibello developed a less desirable solution, namely eyeglasses 
having a prescription optimized for viewing a computer monitor. Certain undesirable 
aspects of this approach to the computer eyestrain problem are discussed below. 


Besides Dr. Salibello's, four other patents have features that support the Computer 
Eyestrain Theory, although their inventors did not recognize the fact. The following 
inventions use at least one mirror to reflect the optical path of a conventional CRT image 
in an eyestrain-reducing system: Tichenor,"Easy Viewing Device with Shielding", U.S. 
Patent No. 4,930,884, Payner, "Vision Saver for Computer Monitor", U.S._Patcnt No. 
5,200,859, Kate, "Computer Terminal Operators Protection Device", U.S. Patent No. 
5,1 36,434, and Jolly, "Cathode Ray Tube Screen Viewing Aid", U.S. Patent 4,605,291 . In 
each of these cases, the inventor did not attempt to explore projection systems as an 
eyestrain-reducing system. Each inventor believed that eyestrain was primarily caused by 
one or more of the following factors: radiation; glare; eyes looking straight ahead at a near 
distance; eyes looking above the horizontal monitor; or the amount of eye convergence 
required between looking at the monitor and the keyboard. However, according to the 
Computer Eyestrain Theory, the common denominator across all these eyestrain reducing 
systems is the principle of directly transmitted light versus reflected light. 

The Computer Eyestrain Theory ^i^^fiai^ccnmmodatcs for the fact that most people 
do not experience eyestrain watching TV, a CRT display technology. Most people watch 
TV from a distance that is much further away than the distance of most computer users 
from their monitor. People in the majority do not watch TV for 8 to 10 hours a day. 
Typically computer users experience eyestrain after working 1/2 to 3 hours. The level of 
stress attributed to watching TV versus working on a computer is very different. The level 
of stress and duration of work pushes the visual system closer to the threshold of 
exhibiting symptoms of eyestrain. The additional strain of using a direct transmission 
display causes 50 percent of computer users worldwide to experience eyestrain, according 
to the National Institute of Occupational Safety and Health (NIOSH). Rom, ed.., op. cit. 

Referring to other types of computer monitor which also cause eyestrain, an LCD 
monitor's principal components are a uniform backplane light source and an active matrix 
liquid crystal panel. .Polarized light emitted from the backplane of the LCD travels 
through multiple layers of the liquid crystal panel. Depending on the polarization of the 
liquid crystal material, the traveling light will either pass (on) or not pass (off) the panels 
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An a ctive matrix divides the liquid crystal material into cells. A thin film transistor (TFT) 
independently determines the voltage applied to each cell, and this voltage determines the 
state of polarization and hence whether light is transmitted through the cell. Therefore, 
each cell in the matrix has to change polarization state fast enough to produce an image at 
a rate of 60Hz. A fundamental aspect of the LCD technology is the direct transmission of 
the image from the light source through the liquid crystal material to the user, the principal 
cause of eyestrain and headaches. 

Three emerging display technologies, referred to as Plasma Display Panel (PDP), Plasma 
Addressed Liquid Crystal Displays (PALCD), and Field Emission Displays (FED) are not 
currently available on the market for the desktop monitor application but could be a future 
alternative to CRTs. All three technologies are direct transmission systems, and therefore 
it is anticipat e d th a t u se r s of each will demonstrate exhibiHhe same health issues, such as 
headaches and eyestrain. 


Image size and resolution are the main parameters of interest in the computer monitor 
market; that is, -consumers attach value to larger image sizes and higher-resolution 
displays. .By comparison, in the TV market, where resolution is fixed by the existing 
television signal format, it is image size and not resolution to which consumers attach real 

20 value. Consequently, big screen televisions can command a higher price because they 
provide -a large image size. _Both smaller CRT televisions measuring up to roughly 36 
inches diagonal and big screen projection televisions measuring 32 inches and above are 
capable of display resolutions above 600 lines, but the signal does not provide this degree 
of resolution. Jor example, conventional analog broadcasts only offer 240 lines of 

25 resolution measured in horizontal lines, while digital satellite systems offer up to 480 
lines. Therefore, the consumer mindset in the TV market is that image size primarily 
differentiates value. Similarly, in the monitor market, the 13" monitors of several years 
ago have given way to 1 T monitors as a standard size, and larger monitors are available. 
A monitor display technology that could best leverage the projection technology to 

30 produce cost effective large images would have an advantage. 


One of the most significant characteristics of a CRT monitor is that the diagonal w.dth of 
the screen is proportional to the monitor depth, making -CRT monitors relatively large and 
heavy. The cause is attributed to the difficulty of directing the electron beam generated by 
the gun precisely at each phosphor element as the screen gets larger. The solution is to 

5 move the gun physically further away from the screen increasing the depth of the monitor, 
as well as the size of the heavy tube. Popular monitor sizes (measured diagonally) with 
respective weights are 15 inch weighing 31 lbs, 17 inch weighing 41 lbs, 19 inch weighing 
55 lbs, 21 inch weighing 68 lbs, and 24 inch weighing 90 lbs. More particularly, such 
computer monitors are roughly cubical in overall shape; that is, a monitor having a screen 

io measuring 1 5 inches diagonally will have comparable -measurements for its width, height 
and depth. The depth in particular becomes a problem in the typical small cubicles 
provided as workspaces for many worker s, whi l e eyestra i n might bo reduced simp l y by 
provid i ng a larger monitor, thoro simply it i n s uffici e nt r.paco for one, ^>eeia41y-noting 
that the worker might wa nt needs-to move further away from a larger screen in order to 

l s comfortably view its entirety without excessive shifting of the user's eyes and motion of 
the user's head.T 

Tn addition, as the CRT's screen diagonal measurement increases, -the monitor occupies 
considerably more office desk space. This is a significant factor, as desk space is nearly 
20 always at a premium. 

As noted, resolution, e.g., as -measured in pixels, is a stronger factor in the monitor market 
than the TV market, introducing another dimension to the value proposition. .Stated 
differently, the difference is that the bottleneck in the TV industry is the information 

25 provided and not viewed, while the opposite is true for the monitor industry. This is the 
reason that we have to scroll our Microsoft Word window to view the typical document. 
Few people would argue that image size is clearly the first determinant of the value 
proposition before resolution, for good reasons. As noted, the CRT television technology 
has been around for decades, -ingraining the mindset that bigger is better. Secondly, it 

30 doesn't make sense to introduce a new monitor with more resolution but a smaller or equal 
image size for a desktop monitor application. The consumer doesn't want to squeeze his 
or her eyes to see the fine details. The available technology can display different 
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resolutions for a defined image size. In effect, the smaller resolution appears as a "zoom 
in" of the higher resolution. There are no current or emerging personal monitor 
technologies that can ^effectively incrc^substantiallLGhaftee-the image size 
measured in terms of the diagonal length of the screen. 


Finally, there are a few products available to help people with eyestrain occasioned by 
viewing computer monitors. This is a small market in dollar value but growing especially 
in customer base with far reaching implications. _It has been recognized in the market that 
10 there is money to be made selling effective solutions for eyestrain. Different companies 
have attempted to introduce different solutions to the market in the shape of antiglare filter 
screens, -air oxidizers, and computer glasses. 

More particularly, several companies are marketing computer filter screens as a solution to 
15 computer users experiencing eyestrain. Situated between the monitor screen and the 

viewer, these filter screens effectively prevent glare and reflections. To a certain degree, 
they improve clarity and contrast, sharpen character resolution and reduce radiation. The 
real question is whether screen filters provide an effective solution towards headaches and 
eyestrain? Jt is generally accepted that glare and reflection contribute to eyestrain. The 
20 extent of that contribution is debatable, However, the present inventor, -having 

experimented with filter screens extensively from one hour to eight hours at a time, has 
found them in general of comparatively little help dealing with computer health issues, 
and in particular has found them of little or no use in alleviating eyestrain occasioned by 
long hours working at a direct transmission CRT. By comparison, the inventor has found 
25 eyestrain significantly reduced when-prac ticing th e mcthod - of the inv e ntion as d iscussed 
feete w applying the principles of the Computer Eyestrain Th eory. 

Datavision and Devices, Image One, GlareGuard and Magnotech arc all companies that 
market filter screens as a solution to headaches and eyestrain. Jn addition some of these 
30 companies also market their monitor filters as anti-radiation screens attempting to make a 
connection with monitor radiation and eyestrain. 
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PRIO Corporation, of Lake Oswego, Oregon (formerly Applied Vision Concepts) has 
^be best solution available on the current market for eomp*e_eyestram 

occMione^^ 

5 above PRIC's solution is based on <yeglasses having prescriptions optimized for v iewl ng 
computer monitors. PRIO sells eye examination equipment to eye doctors designed to 
simulate computer use. Based on the PRIO examination, the eye doctor can prescr.be 
computer glasses, that is. eyeglasses comprising conventional lenses and frames but 
implementing a prescription optimized for viewing a CRT. The disadvantages of PRIO 

,o glasses are several. As the PRIO glasses are only useful for viewing the screen, each time 
the user looks away from their computer he or she must remove or change glasses. 
Individuals that wear prescription contacts have to wear the PRIO -computer glasses over 
their contacts each time they are in front of a computer system, defeating the purpose of 
having contacts. Despite these shortcomings, -uaiQ-in little over 4 years PRIO has rented 

15 their testing equipment to 700 eve doctors nationwide. An eve physician would not rent 
the PRIO examination package unless a good percentage of his or her patients suffer from 
eyestrain. Therefore. PRIO has impacted thousand of users reinforcing their 
understand inn of this eyestrain problcm ha s o xiwri e nc e d r e asonab le commercial '.acc e s s , 
d e monstrating som e valaid i ty to th e ir conc e pt and understanding of th e comput e r e y e strain 

20 pfebtcffl. Dr. Salibello did make the contribution of accurately describing the visual 
system under computer stress. 


As noted above, computer monitors take up a large amount of valuable desk space. 
Recognizing this, there are a large number of patents for monitor support mechanisms, for 
25 example U.S. Patent 4,844,387, "Monitor arm apparatus". None of these patents suggest 
using the arms to support a projector in a p ersonal display d esktep-application: the 
relevance of this observation will be made apparent below. 


There arc video projectors currently on the market which can aocopt computer VGA, 
30 SVOAmarkct that can accept co mputer VGA. SVfiA or XGA input, which arc designed 
for projecting relatively large images for groups of people. Such projectors arc available 
from Sony, In-Focus Systems, Polaroid, and others, and in recent years have become 
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almost universal for "slide talk" presentations using software such as Microsoft's 
PowerPoint, essentially replacing the older overhead projector and foils with an electronic 
equivalent. . Video projectors have not, however, been used in a projection monitor system 
single viewer d eskto p -application, without complicated fixed arrangements of beam- 
splitters, mirrors, and so on. 

McNelley and Machtig U,S._Patent 5,639,151 for "Pass-Through Reflective Display" 
recognizes the problems inherent in the use of CRTs, inc l ud i n g -e y es train cau se d by- CRT 
use^and the bulkiness of larger displays and the eyestrain requirement of longer viewing 
or focusing distances needed to use larger displays. This patent discloses a |sa_dcsktop 
monitor system using a fixed position projector projecting a video image onto a horizontal 
screen. _An angled beam-splitter reflects the image towards the viewer. .This is done to 
allow a camera to be placed directly behind the beamsplitter in line with the viewer, so 
that when the display is used for video teleconferencing, the viewer can appear to maintain 
eye contact with the image of the sender on the screen. ,The image size is not ad justable 
beyond the limited and connected screen.: In addition. afld the mirrors and projector 
housing take up significant amounts of desktop. 

Fergason U.S. Patent 5,629,806 for "Retro-reflector Based Private Viewing System" uses 
a similar arrangement of beamsplitter and screen, plus another screen and mirror, to limit 
the viewing angle of the resulting display for privacy purposes. Again, the image size is 
not adjustable beyond the limited and connected screen. 

Gale et al U.S. Patent 5,692,820 for "Projection Monitor" discloses a large-screen monitor 
comprising a lamp, tighMfa ro which i s modulatod and a light m o dulator to produce an 
image that is projected onto a rear-projection screen. _ Th<* l i ght e m itte d from th e4amp-is 
fefleete d at [ea s t onoe-by a m i rror i n s id e (he devic eA mirror inside t he device reflects the 
light emitted from the lamp at least onc e before reaching the screen , and the light has 
traveled a lon ger distance before reaching the user . The inventors deseribe-fche advantages 



were positioning otthis display primarily in terms of the technological advantages of 
producing a larger computer screen in a smaller package, e.g., suitable for desktop use. 
Eyestrain reduction per so does not appear to bo an object of this inv o ntion lt is clear chat 
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the y were nut attempting to invent an cvestrai n -reducing system, beyond reali/inR that 
their projection display inherently does not produce any elect roma^nctie radiation . 
Although the inventors did not recognize the fact, this invention d e sirabil i ty of r e flection , 
tfw^akMkwe^oes conform to the design principles taught by the to thin a s pou of tho 
5 prosont invGmer^Computer Eyestrain Theory. The image size is not adjusmblcjjeyond 
th e limited and connected screen, and the unit would take up significant desk space if it 
were used as such. 

Projectors have been used in a number of vehicle systems to provide electronic dashboards 
10 or "head up display" systems. Typical of this application is lino, U.S. Patent 4,967,191, 
"Display Apparatus for Automotive Vehicle". _ln these applications, the intention is not a 
desktop display for a computer, the image size is not adjustable beyond the limited screen , 
and the arrangement of parts is specific to the vehicular application, which is not 
analogous to the desktop display environment 


According to the invention, a new computer projection monitor display system of the 
i nvention is provided, termed a "Desktop Protector". The proje ct ion monitor of the 
invention has two main implementations, a basic system and a basic system with an 
adjustable arm. In the basic system implementation, the projection and reflective screen 
are used i n combination with a personal workspace as a method and system of creating a 
projection monitor. With the adjustable arm implementation, the projector reflective 
screen and adjustable arm are used in combination with a personal workspace as another 
method an d system of creating a projection monitor. 


According to the basic sy stem impla ntation of the invention, a method ofcreatin g a 
projection monitor for use in combination w ith a personal workspace, permitting nn 
operator to view a computer image in a s patial ly confined area, comprising the step s of 
arranging a personal workspace having a firsr o perator location and spatially confined 
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SUMMARY OF THE INVENTION 


25 
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from^nne^^ imape based on the , 

1^^^,^^ projector to project a corne r inwr vn y from the first operator 
lotion towards the reflective screen within thejier sonal workspace; and reflecting th e 
5 jgrr!^ ^ screcn towarjls thjLf^^ location. Tim 

g ^_ 2l nf J ^n I , a projection monitor wilL cnjbJecrc^tinj^g st effective larg e 
computer imae^. and the ability to van^i hcimM^c^cjpecjalbL increase the size , 

Thajr oicciion monitor of the invention is designed for use with pe rsonal workspaces^, 
50 personal workspace is d efine d as having a first location for an op erator. From thefirst 
location, an operator has convenient control acces s to the computer svstem including 
cither the computer or the Desktop Projector. A t ypical computer system could he 
composed of a computer. Desktop Projector, a nd a keyboard. The personal workspace 
does have a spatially confined area, with a minimum delimitation created by the reflective 
is screen. The screen is positioned or designed to provide a reflect ive surface towards the 
first location. 

The basic svstem implementation of the invention integrates the following components 
into the personal workspace: a proiector The svstem compri ses a . ' jmall projector. 

20 preferab l y supported by a i mechanical s upport arm mechani s m fix e d to the desk surfac e , 
e.g., by b ei ng olampod to o d e ck edg e , to further reduc e d e sk spac e r e quir e m e nts nnd 
provide adjustability, -and a separate reflective screen. The projector in this application is 
basically a display engine with plastic enclosure, controls and user interface to form the 
finished product. The screen can be hung on a wall, from a ceiling, or stand upright on an 

25 office desk or floor, or could be the wall itself or a coating on the wal I. 

According to the adjustable arm implementation of the invention, a method of creating a 
projection m onitor for use in combination with a personal workspace, permitting an 
operator to view a comput er image in a spatially confined area, comprising the steps of: 
30 arranging a pei^onal workspace having a fj rst operator location and a spatially confined 

area; connecting an adjustable a rm to a planar work surface within the personal worksp ace 
in proximity to the first operator loc a tion; mounting a projector having at le ast one video 
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input tor accepting a display signal from a connected computer, capa ble of creatine a 
projected computer image based on the display signal, within the personal workspace onto 
the adjustable arm; directing the projector to project a computer image on the adjustable 
arm and away from the first operator location towards the reflective screen within the 
5 personal workspace , and reflecting the computer image from a reflective screen towards 
the first operator location. Beyond the basic system , the adjustable arm implementation 
provides additiona l flexibility in creating a large image si/e. at a desired closer distance, 
and a larg e r degree of freedom in increasing the i mage si2e of the monitor. 

1 0 Provisio ft-^Tthe m e chan i c a l adjustable arm enables the user conveniently to adjust the 
distance from the screen to the projector, while providing a secure support for the 
projector and minimizing the need for monitor desk space. Furthermore, supporting the 
projector on arm allows the projector to be spaced farther from the screen than permitted 
by the depth of the desk, which can be important in providing sufficient spacing to allow 

1 5 focusing. The arm can preferably rotate a full circle either at the vertical cylinder or at the 
resting plate. This flexibility allows the projector to face the screen at the correct angle for 
various distances at any clamping position on the office desk. The advantage of 
providing variable distance functionality is greater choice of image sizes. The actual 
image size provided by this monitor depends on the focal length of the lens and the 

20 distance to the screen, from as little as 10 inches (measured diagonally) -to 30 to 50 inches, 
depending on the space available. 

The Do s kto p-Pfeje etor e mbodies the pr i ncipl es of the Computer Ey es train Tho ofyr^Fhe 
featuri ng inh e r e nt de s ign advantages ov e r a ll curr e nt and em e rging personal mom toftrw 
25 tlHHfepla^H^^y^ffieJ ud i ng provi s ion of »r , er define d variab l e imag e s iz ^r^nd-mwh 
teftgeF4<Ma^r^^ tfetim e with u se r r e plac e ab l e l amp s . I n addition, th e d esktop 
pro joctorof tho invention i s sup e rior t o the overwhelmingly estab l i s hed CRT monitor 
be cau se of its min i mal d e sktop usag e and light weight. 

An aspect of this invention, a method of operating a computer system in a personal 
30 wor kspace, permitting an operator to view a com puter image in a spaiinHy ™ n f7n^ 

ins uch a manner as to reduce eyestrain com prising the step* of: transmitting * HUpl.w 
signal from a com p uter to a proj ector , having at least on. virion inp nt for accep ting « 


10 
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pcant^^ ^" Y » fi«t operator location with at least o pcmoM^^^ 
rjm ^ i „a , T ^llv confined area, with ajnjni^ ^ 

rMWm^ screen: projecting \b* rnmpnw ima pc from the proj e ctor and away ftomthe 
a reflective screen wj t hin the persona ljvorksEa^. nd reflecting the 
com puter image fr om tte reflective screen towardsj hc operator al ^hcJlisLoECiM^ 
in^tinn The combined effect of an operaiorj receivins only reflected li g ht of the 

mii^r ""* r * which is greatef than thC conventional dislanCC Qfthg 

ligM p ath of the computer image from a directly transmitting m onitor to an operator, is to 
reduce eyestrain, while providing the ability for ope rator to create larger image sizes also 
hel ping to reduce eyestrain. This method of operating a computer system docs not 
produce any electromagnetic radiation, which may also contribute to eyestrain. 

15 Another aspect of the invention, a method of operating a comp uter system in a personal 
workspace, permitting an operator to view a computer image in a spatially confined^area, 
in such a manner as to reduce eyestrain comprising the steps of: transmitting a display 
signal from a computer to a projector, having at least one video input for accepting a 
display signal from a connected computer, capable of creating a projected computer image 

20 based on the display signal, mounted on an adjustable ami connected to a planar work 
surface, with the adjustable arm positioned in proximity to an operator in the personal 
workspace haying a first operator location, with at lea s t operational access to the 
computer, and a spatially confined area, with a minimum delimitation consisting of the 
reflective screen: projecting the computer image from the projector on an adjustable arm 

25 and away from the operator towards a reflective screen within the personal workspace; and 
reflecting the c omputer i mage from the reflective screen to the operator at the firs t 
operator location. The combined effect of an operator receiving only reflected light of the 
computer image over a distance, which is greater than the conventional distance of the 
light path of the computer image from a directly transmitting monitor to an operator, is to 

30 reduce eyestrain. The additional combined effect of the adjustable arm enhancing the 
ability for the operator to create larger image sizes, at a desired closer distance, while 
further increasing the light path distance of the computer image for a given size, is to also 
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reduce eyestrain. This method ofoperating a computer system does not produce any 
electromagnetic radiation, which may contributed eyestr ain. 

Another aspect of the invention, a projection monitor system for use in combination with a 
5 personal workspace, in which the system permits an operator to view a computer image in 
a spatially confined area, the system comprising: a personal wo rkspace having a first 
operator location and spatially confined area; a projector having a t le ast one video input 
for accepting a dis play signal from a c onnected computer, capableof, crea tine a projected 
computer im age b ased on the display s i gnal, within the personal workspace, located in 

i o proximity to the first o p erator location, pos itioned to project a co mputer image away from 
the first operator location and towards the reflective screen: and a reflective screen, within 
the personal workspace, located to receive the computer image from the projector and 
reflect it towards the first operator location, wherein the path of the light carrying the 
computer image from the projector to the reflective surface and finally to the operator is 

15 greater than a conventional distance from a directly transmitting computer monitor to the 
operator. The basic system implementation does conform to the design principles of the 
inventor's Computer Eyestrain Theory. 

Another aspect of the invention, a projection monitor system for use in combination with a 
20 personal workspace, in which the system permits an operator to view a computer image in 
a spatially confined area, the system comprising: a personal workspace having a first 
operator location an d a spatially confined area; an adjustable arm connected to the planar 
work surface within the personal workspace and positioned in proximity t o the first 
operator location; a projecto r having at least one video input for a c cepting a display signal 
25 from a connected comput er, capable of creating a projected compute r ima ge based on the 
cliM^sJffiaj^wjthin the pers onal workspace located on the adj ustable ar m to project a 
computer image away from the first operator location and towards the reflective screen; 
and a reflective screen wi thin the personal workspace located to receive a computer ima ^ 
from the projector and reflect it to wards the first operator location, wherein the path of the 
30 light carrying the computer image from the proje ctor, located on the adjustable arm, to thn 
reflective surface and finally to the opener j s ^ater than a conventional distant from . 
directly transmitting computer monitor »o , hc QDera tor The adjustable arm sy ^m 
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implementation docs conform 10 the design principles of the inventor's Computer 
Eyestrain Theory. 

Tthc Desktop Projector is a new computer monitor technology with inherent superior 
a dvantages overall current and emerging personal monitors in the display industry. The 
invention enables a user d efined variable image siz e, with a new degree of freedom i n 
varying, especially increasing, the image size. In addit ion, the Desktop Projector is 
superi or to the overwh el mingly established CRT monitor be c ause of its minim al desktop 
usage and lightweight The invention is also the most cost competitive project i on monitor 
that will dramatically reduce or potentially eliminate eyestrain, o c casioned by the use of a 
computer , in the world compared to all other current or emerging display technologies. 

More particularly, provi s ion of the De skt op Proj e ctor _ R » r example^h e proj e ctor can bo 
toeated other than directly in front of th e usor,, as is n e c e ssary in us e of a CRT, and th e 
SGfeen-Bftfi- bo spao e d -s ome d is tance o way . In a typical d i r ect rep l ac e m e nt of a CRT by the 
ftfejeete r and scre e n according to th o invention, th e overall distanc e b e t w een th e pro je ctor 
a nd the u s or n ovo is at l oarr Hnnhi,> T h nt hrrwn ihf C RT nn d th e u s e r. D ocr mc o t h e 
serpen is oa ;e ntially flat the distance b e t s v ee n th e u s er and the scr ee n i s creat o r than th o 
fe tonco b e twe e n the user and tho CRT by at l e a st th o d e pth of the CRT. Thus increa s ing 
tho spacing between tho user and the r . creon itself subst a nt i ally reduces ey e strains n i nco t he 
user is focu s sing on a larg e r imag e at a greater dis t ance. Refl e ction of th e imag e is also 
provided, which is further ben efi cial as postulat e d by tho inv e ntor a C o mputer Eyontrain 
' -F heory . 

BRIEF DESCRIPTION OF THE DRAWING 

Fifr I is a sche matic plan view showing the projection monit or system of the inve ntion; 

Fir. 2 is a schematic pla n view s howing a typical personal workspace using existing CRT 
monitor: 
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Fit,. 3 is a view comparable to K ip. 2. showing the sam^ad^^ 
proiectjonm onitor system of the inventimLh<m ^ 
illustratin g the space dime n sion advantages of the invention. 

Fig- 4+ is a perspective view showing the p roj ection monitor.d os ktop projecto f-system of 
5 the invention in use, in an embodiment having a table-top supported screen and the 

adjustable arm projector s upport of Figure 52; 

Fig. Si shows a view of an ad justable arm projector support for use with the invention; 

Fig. 6£ shows another adjustable arm em bodim e nt o f a pr o je ctor qippon f o r for use with 
the invention; 

10 Fig. 74 is a view comparable to Fig. 41-, but showing the projection monitor d esktop 

proj e ctor systemm omtof of the invention in use, in an embodiment having a screen 
hung on a wall, and &e- an adjustable arm pro j ector support of Ffigure 86; 

Fig. shows another embodim e nt of a djustable arm projector support for use with the 
invention; 

15 Fig. 96 shows another e mbodim e nt adjustable arm of a proj e ctor support for use with the 
invention; 

Fig. 10 is a ion cross-sectional plan view of a typical CRT monitor technology: 

Fig. 7 is a schematic p l an vi e w showing o typ i ca l workspace u s ing e xist i ng CRT monitor; 
and 

20 Fig> 8 is a v ie w comparab l e to Fig. 7. sho w ing th e c am o workspace but using the di optay 
p r o jector system oftho inv e ntion, and thu s illustrating the advantages provid e d by 
th e invent i on ? 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 


Overall Description 
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Referring to Figure 1. the projection monitor syxem******** of the invention, 
^ .H. nr.ic.nn Projector, is designMMusgjvith jjcrsonal workspace us 
, t -.^h in rhk exnmnle. The workspace has a first jgj m™ for the operator or fir s t 
operator locatio n with the positioning ofthc chajrjl M relative to the screen ( 1 05) and 

5 pro^mr (101). The projector (101) on the desk (.1 0 7) is positioned in proximity to the 
fir* n pftminr location, and positioned to pro je ct a computerimagc away froiT Lthcjlrst 
o perator location towards the screen ( 1 05) . I n this configuration, the screen ( 1 05) is 
supported hv a tripod ( 1251 and is positioned to receive the com puter ima g e and reflect it 
towards first operator location. The computer (102) is connected t o projector ( 101 ) and 

10 wireless keyboard (104). 

The screen (1 05) with the tripod ( 125) can be moved or the projec tor ( 1 01 1 to adjust d ? the 
distance between the projector and screen. The larger the distance d-<. the larger the 
computer image size W is at the screen (105). Approximating the projector (1 01 ) as the 
15 light source, the light carrying the image travels from the projector (101) to the screen 

(1051. a distance dr The light experiences reflection at the screen then travels a distance 
d j to the operator (1 10) positioned on the chair (106). 


20 As for the other personal projection systems such as Gales' "Projection Monitor" with 
U.S. Patent 5.692.820. McNcllev's "Pass-Through Reflective Disolav" with U.S. Patent 
5.639.1 51 and Fcrgason's "Retro-reflector Based Private Viewing System" with U.S. 
Patent 5.629.806 each of these personal projection systems do not have the capability to 
increase the image size to the same degree of freedom as the Desktop Projector. 

25 

Figure 7 shows a different configuration of the projection monitor system of the invention . 
with the flat screen (5) being hung from the wall bv hangers (40). The projector (11 
positioned on the adjustabl e arm (8) projects a computer image away from first operator 
Location and towards the reflec tive screen (5). The reflective screen (5) is positioned lo 
30 receive the co mputer image and reflect it towards the first operator location. Figure 7 also 
shows a variation on the mounting o f the projector support, in which the adjustable arm 
system (8) is mounled to the desk top with a vacuum base (4 IV which allows c^y 
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mnnntin r nnd removal, and .simple adjustment ofthe pr ojector position across the desktop, 
^hnwn in this configuration. The adjust able ar m provides a greater ability to v arxthe 
distance between the projector and the reflective screen, enha ncing the range of computer 
ima ge sizes available in the personal workspace. 

5 

Figures 2 and 3 illustrate space dimension advantages o HheDesktop Projector installed in 
a similar workspace as a CRT monitor. Consequently, the projection monitor system of 
the inv ention provides a l arger mrmi^^ wjierr the user is spaced further from the monitor, 
than if using a conv entional CRT compu ter^o^ plan view of a 

to typical works pac e with a CRT, and Figure 3 a comparable view using the projection 

monitor system ofthe invention. Thus, in Figure 2. the workspace has a screen ( 1 05b), 
transparent glass screen part ofthe monitor (112), directed and designed to send the image 
to a first location, the chair (106). for an operator (1 10). The computer (102) is connected 
to the keyboard (1 04). Into this space users typically desire to have the lareest possible 

15 desk (107), since desktop space is at a premium, with a chair ( 106). 

Referring to Figure 3. di is an integral monitor design parameter for the adaptable Desktop 
Projector, which is beyond the customizable design parameters for the rigid CRT. Figure 
1 0 depicts a too cross sectional view of a CRT monitor ( 1 1 2). further illustrating the 
20 distance between the closest part ofthe imaging device (202) and the screen (203) is d\ . 
The screen in a CRT and all other non-projection display systems is composed of a 
transparent screen, commonly type of pl ass material. The internal imagin g d evice in non- 
projection display system is fixed relative to t he transparent screen ofthe dis play. 
Referring to Figure 10, the electron ff m pod) enc losed in the CRT tube (201) with the 
25 wall of phosphor elements (202) delimits the imaging device. The imaging device (201) is 
phy sically fixed in position relative to the t ransparent ^ ass screen (203) ofthe CR T. 
Comparing to other personal projection systems, the internal imaging device is cither fixed 
or has very limited variability to increase the distance relative to the screen. The 
limitation is inherent in most system designs because the imaging device, or projection 
system component is connected m th e scr een encasement or support structure. The 
limitation is also inherent because imagine ^i cc has to function within the limitation of 
the screen. 


30 
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In an analoav to the Desktop Projector, the imaging device is the projector and the 
distance between the screen and the projector is a function of the specific and relative 
location of the protector and much larger screens within the personal workspace, providing 
5 a new decree of freedom in varying the image size. This distance is an integral monitor 
design parameter of the invention with important imp lica tions for the screen size and 
adherence to die design principles of [he Computer Eyes trainJQieory. 

As noted in Figure 2. a typ ica l computer monitor is roughly cubical, so that a monitor 
1 0 f 1 1 2) having a diagonal screen measurement of M will be approximately M deep; s tated 
differently, the display screen of a conventional monitors (112) must be spaced a 
considerable distance (comparable to the diagonal measurement of the screen by which 
such monitors arc usually selected! from the edge of the wall (150), which in turn limits 
the viewing distance between the operator (1 1 0) and the screen of monitor (105b) to a 
1 5 short distance d ). Moreover, as noted, in this arrangement the user experiences direct 

transmission of the light from the screen to the eve over a short distance, which, according 
to the inventor's Computer e yestrain Theory principally contributes to eyestrain. 
Workspace of Figure 2 has a des k (107) and, of course, the monitor f 1 12) takes up a 
substantial amou nt of valuable desktop real estate 
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Fi g ure 3 shows the projection monitor sy stem of the invention in a comparable worksp ace. 
Instead of monitor (1 12V the op erate U pmviH-H w .«h ^ fYtkm p Prnj rrtnr rnn .htinp nf 
a projector (101) mounted on an adjustable ar m (108). and projecting a compute r image 
away from the operator f 1 1 0) The computer (\ 0 21 is eonn^H hnth in ih» rn j^ trr 
(101) and keyboard (104) . The p rojector MOh is positioned hv the adjustable arm flOM 
in^roximity to the first operator lotion f jns) ^ . rraft > an j, nage 0 f wjdth w at thr 
location determined. Scran (105) positioned to rec eive the computer image and reflet it 

towards the operator (110), Them is a first location, the .h air HOtt. for rh. np.ro 

receive the reflected rompnror image from th, ^ p n< } screen ic „^ My 
fla t, and may even he wall jUjO Uf suitably smooth and lip hr-colored. it cnn«nm~ 
space. As illustrated i nJagyr ej^ image of width W c*n be provided in , pSwH 

latest i mar e possible using a standi 
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Hence the viewing distance d? between the screen (105) and operator (1 101 is at least 
greater than d } by M the image now travels a longer distance d? than previously to the 
operators eyes. 

5 In ac cordance with the design principles ofthc inventor's theory, the Desktop Projector is 
designed to produce a longer path from the pr oject or (101) to the op erator (110) for the 
i mage to travel within the personal worksp ace. This is mainly accomplished by the 
l ocation ofthc pro je ctor and screen . The positioning of these compo ne nts is influence d by 
a desire to cre ate a larger image size of width W in the space illustrated. At the same time, 

io depending on the application of the invention, i t i s preferred that Desktop Projector be 

connected to the desk (107), via an adjustable arm like (108). and that the screen (105) be 
adjacent or close to the desk ( 1 07), while maximiz in g the distance. In this manner, it is 
difficult for the user to inadvertently get in the way of the projected image, with physical 
movements. Providing an image of width W in the space illustrated using a conventional 

15 monitor would he out of the question, as the monitor required would he so lar^e that the 
operator's eyes would be but a few inches from the screen, making it impossible to see the 
entire image. 

The invention allows a relativ ely large image to be provided to th e oper ator of the 
20 computer in a relatively small space. For exam ple, the projector can be lor^H nther rh ft „ 
directly in front of the operator, a s is necessary in use nf fl CRT, and the screen can he 
spaced some distanj^ga^njjiypjcal dire ct replacement of a CRT by the projection 
monitor system of the invention rh. n V . rnl | ^ fnnn - between the reflective screen and the 
operator could be approximately double the length between the CRT and rh P np^w, 
25 dgBgnding on the exact location ofthc opera tor. Because the reflective <rr^n k 

CSjgntiaU^^ between the operator m A th, r^ clive screen js thgm 

the distance between the operator and the CRT by at least ihe depth of the CRT. 
Therefore, the computer user can comfort ably view the monitor without fcrfin p th» 
to move further away to a void the shifting nfthe ^ or head, while ^ ne an advance 
30 i n ima S e size and distance, from a vision acmfy pm T ~r; w 
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^r^^^ , the d stance from the proje ct or (101) to the scre jaLXmiS 

ng nRl to the sum of d , - the depth of the des k (107kaDdAJhc effective length of the 
sup port arm. The adjustable arm enhances the Dcskto^Proi cctor^ ability to provide 
g reater customization of the image size, an hcogerat or's discretion. In relatively small 
5 workspac es where focusing is an issue, ar m s ystem allows focusing of the projectcd jmagc 
on the screen by further increasing the distanced 

According to th e invention, as in Figure 3 , the overall distance from the light sou rce, 
approximated by the projector ( 1 0 \\ to the viewer includes not only d? but also d 3j Jhc 

1 o distance im ag e travels between the light source and the user's eves is the sum ._o f d? and 

a mu ch longer distance traveled than in Figure 2 between light source and the users eves. 
In Figure 2. the light sources of the CRT monitor are the phosphor elements n ear the front 
glass of the monitor. The computer image from the projector undergoes reflection at 
screen (1051 having a width sized W. Finally, in accordance with the inventor's Computer 

15 Eyestrain Theory, the light carrying the image travels a longer distance and experiences 
reflection in the path between the light source and the user's eyes principally reducine 
eyestrain. A larger image size W, at a comfortable distance of d> will also reduce 
eyestrain. 
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can h e b ro k e n into thre e princ i pal part e : the proj e ctor (I); th e adju s tabl e proj e ctor s uppo rt 
s tructure, having a table attachment (9), with on adju s table support arm (10) for a projector 
tray ( 8 ), and a s creen (5). Th e individuol pa rt s of th e de s ktop proj e ctor s ystem will be 
discus se d in -gre ater d e tai l b e low. 

In the embodiment shown in Figure 4 . the projector supp o rt structur e a djustable arm is 
attached to a computer user's desk (7) by a clamp (9) or other attachment means such as a 
screwed-down mounting plate (for a permanent installation), or the like. The projector tray 
(8) supports the projector ( 1 ) off the desktop (7), to give the maximum desk space for the 
user (6). The projector tray may be moved on the adjustable support structure over a wide 
range of positions and angles- The projector ( I ) is connected to the user's computer (2) by 
conventional cables (3). The user places her keyboard (4) on the desktop or on a keyboard 


25 

tray, u is conventional. The screen (5) is located near the back of the desk (7), to allow 
maximum distance from the projector (1), and may, in fact, be hung on the rear wall of a 
cubicle or office. If suitably smooth and light-colored, the wall itself may be used as the 
screen, which is the ultimate "flat display", providing an even preater deprcc of freedom in 
5 varying the image size . 

f^Hfe^hew^ ^^n-a rr a ng o m o m, with Ch e flat r, cr oo n (5) bein g-l^fr^n-tl^al^y 
hanger: (10). .Figure 4 nh " - "•"■i-it i ™ nn th^ m ountinc ofth o proj e ctor support, i n 
whieb4h»yw»ie etor s upport tray ( 8) is mounte d to tho desktop w i th a vacuum base (4 1 ), 
10 whj^-atiow&ea&y-mQ»n4 ng and removal, und s imple adju s tm e n t- e ^t^reiecter-pesitiof) 

Thus, using the system as shown in Figure 44, the user views her -computer's display as 
light reflected from a screen that has traveled a longer distance from th e tight source, 
15 rather than by direct transmission as is the case with -monitors of the CRT. LCD, plasma 
and other types. _By the Computer Eyestrain Theory set forth above, this dramatically 
reduces the eyestrain involved in using the display over the direct transmission systems. 
In all projection systems, there is no electromaunetic radiation - an inherent advantage. 
Electromagnetic radiation may be a contributing factor to eyestrain, 

20 

According to the invention, the viewed image is produced using a projection systen^ 
where the core technology is on a display chip . The display size can be varied easily and 
over a wide range of sizes by moving the projector towards or away from the screen, and 
by the built-in zoom lens of the projector, if it is so equipped, while the actual image as 
25 provided by the computer does not change. Therefore, the core technology for a 

projection system docs not have to grow in proport i on with a larger display, loweri ng 
material costs and takinp greater advantage of the highly developed semiconductor chip 
manufacturing momentum compared to other non-projection personal display technologies 
including. 

30 
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,f the screen is large, or the wall itself Is used, the position of the display may also be 
easily changed by swivehng the projector on its adjustable support structure. .The display 
brightness and focus are also adjustable using the projector's controls. 


The Projector 

The c^rinn monitor sys temd^i^i^ of the invention docs not require any 
specific projector type. Small projectors are preferred-Various suitable projectors arc 
readily available, and are quickly evolving in price and quality as the technology 
improves. The three-CRT projectors of a decade ago have been supplanted by LCD-based 

,0 projectors capable of much higher resolution with a much smaller footprint and no 
complicated and time-consuming convergence procedures. The 640 by 480 pixel 
resolution VGA projectors of justw recent y ears ago are far surpassed by today's 800 by 
600 pixel SVGA pmj o morr , which proiectors, w hich cost considerably less than half as 
mnh. Any of these technologies, or others which might be developed in the future, would 

1 5 be appropriate for use with the invention. 

For example, the InFocus LP225, manufactured by InFocus Systems, Unc. of Wilsonville, 
Oregon, is a true 800 x 600 (SVGA) resolution projector capable of 16.7 million colors. 
With compression, the LP225 can handle 1 024 x 768 (XGA) images. 

20 

A complete projector basically consists of an imaging system with associated drive 
circuitry, a complementary optical lens system, and a light source. In recent years, each 
component technology has made real progress to make the projection technology a viable 
alternative for personal displays. The lens technology has not changed dramatically in 
25 terms of affecting engine performance as compared to the other components, but 

automatic zoom and power focus lenses are becoming more common than the fixed focal 
length, manual-focus lenses of the recent past. 


30 


With today's computer standards, a projector for use with the projection monitor 
systejm de p ktop proj e ctor monit o r of the invention will have the capability of projecting at 
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least standard VGA resolution (640 by 480 pixels), and preferably SVGA or XVGA 
resolution of 800 by 600 pixels or greater. It can be expected that as time goes on even 
higher resolutions will become standard. Additional input formats, such as NTSC/PAL 
video, would be advantageous if other video sources such as videotape were to be used. 

A zoom lens is preferred, but not essential, to allow the size of the image to be easily 
changed without physically moving the projector. If a fixed-focal -length lens is used, it 
should be of such a focal length as to be able to display a screen image of reasonable size 
(e.g., 19" - 24" diagonal) at a projector to screen distance of not much more than the depth 
of an average desk (two to three feet). 

Also preferred in a projector is an adjustment for horizontal and vertical "keystoning", or 
distortion of the display caused by the projector not being exactly aligned with the screen. 
Obviously, it would be awkward to move the projector on its support arm directly in front 
ofthe^fse fopcrator . With keystoning adjustment, the projector can be off to one side, and 
above or below the screen, as shown in Figure 4+, and the display will be undistorted. 
This can be done cither by distorting the image on the LCD or CRT or light modulator 
(miniature i maging device) internal to the projector, or by physically angling the LCD or 
CRT or light modulator with preferably the help of the adjustable arm . _Keystoning 
adjustments are available on many, if not most, of the projectors currently available. 

An additional inherent functionality of the Desktop Projector is the ability for the customer 
to easily remove the projector from the mechanical arm for independent use as a 
presentation tool in conference rooms for front of a small audiences. 

Preferably, the projector chosen for the projection monitor SYSiemd oskiopiH^jgGtof of the 
invention will have a user replaceable lamp. This provides a relatively inexpensive 
solution in prolonging the life of a projection system beyond any other emerging display 
technology. A user replaceable lamp will speed turnaround in getting a bright projector 
running again. Turnaround is faster with a user replaceable lamp because time is not 
wasted shipping the projector to the shop, and the processing time of the shop is no longer 
a factor. 
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A projection system is brighter than a non-projection display system but the real quest.on 
is how much brighter? In this application, brightness can be defined as the amount of light 
that reaches a given viewing area or screen. After experimenting with a p-Si LCD 
projector with a 200 ANSI lumen capacity and comparing it with CRT technology, we 
have confidence that a state of the art projection system, producing an image 1 4 to 19 
times brighter than the experimental projector, such projectors being expected to be 
commercially available in the near future, will be brighter than CRT monitor technology. 


The Screen 


The screen used for the projection monitor d eskt op projector o% stgnLgI the invention can 
be of any convenient design and size consistent with the provision of a display of chosen 
size. .As typical projectors produce noninverted images, conventional diffuse screens (i.e., 
as opposed to specular mirrored surfaces, which invert the image) arc preferred. 
1 5 Preferably, the screen will be at least as large as a conventional monitor - 1 7" or more on 
the diagonal, with the standard width-to-height aspect ratio of approximately 1.3: 1 . A rigid 
screen is preferred to the roll-up kind commonly used for slide projection, so that the 
display will be as consistent as possible. 

20 As shown in Figure 44-, the screen (5) may be supported by side wings (22), or a rear 
support structure, or may be clamped to the rear edge of the desk. .Alternatively, the 
screen can be a conventional slide-projector type screen standing on the floor behind the 
desk, or, as shown in Figure 74, a rigid flat screen hung from the wall or ceiling by any 
conventional means, such as hooks (40). The screen, including the support structure, is 

25 preferred not to be direc tly connected to either adjustable arm or projector, The surface of 
the screen can be any of the conventional screen surfaces, such as lenticular or beaded, or 
could be simply smooth white flat or semi-gloss material. 
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If the rear wall of the office or cubicle is flat and smooth enough (plaster or plasterboard, 
as opposed to rough sound-deadening cloth), then the wall itself may be used as a screen. 
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A part of the wall can be painted white, or coated with a high-reflectance white coating 
such as is used on conventional projection screens. 

The Adjustable Arm Proj e ctor Suppo rt 

5 Preferably, the d e &kiop projection monito r system of the invention has an adjustable arm 
system. The preferred arm system is projector s upport structure made up of a desk- top, or 
table-top mount, a projector tray, and a support arm formovably and adjustably supporting 
the projector tray. In very confined workspaces, Tthe goal in preferring the use of an 
adjustable support arm system , as opposed to simply resting the projector on the desktop, 

10 is that this allows the projector to be spaced further from the screen than permitted by the 
desktop itself, thus enabling a functional display system, in a v e ry confined spac e. In 
more spacious personal workspaces, ihe use of the supporting arm will always enhance 
display system function by enabling even greater freedom in varying the image size, while 
m inimizing desk t op usage. Furth e rmore, supporting th e proj e ctor on a support urm - allows 

1 5 for r e ady -a djustm e nt ofche po s ition of th e proj e ctor - w i th r e spect to th e s or e en, and 

cef^uFm^he-n^mffiiHr) amount of de s ktop s pa ce. The adjustable arm svstcmf »mje€*ei= 
suppert should permit the projector to be supported above the desktop, and should be 
removable from the table top and capable of attachment at variable predetermined 
locations on the desk. .Provision of height adjustment of the arm svstem ereieGto^svfppoft 

20 and of the ability of the projector tray to swivel is also preferred but not required. 
Preferably, there would also be an adjustment for the tray angle with respect to the 
horizontal, although this can be omitted if the projector has an adjustable front foot, as 
most do. 

25 Commercially available adjustable monitor supports, such as the model P6143 "Deskit" 

made by AVF Group, Ltd., of Telford, Shropshire, UK, -could be used with the invention, 
with the monitor support surface serving as the projector support tray. The Sorgi patent, 
4,844,387, cited above, shows such a monitor support. 


30 

Figures 52 6*. 8* and 96 show a number of emtee*****^^ 
adjustable arm system s u j . ao r s upp ort nm*****^ can be used w.th the 
u ^u^^r svstemdasfaewjKior of the invention. The various features of the 
supports shown in these figures can also be interchanged among the arm 
5 systems embedkawts, as will be recognized by one skilled in the art. 

Referring to Figure 53, iiv-this gHjiKtahle arm system embo4Hnef>t-th^tpr^fHrtf^^ 
has a lower portion (9) for attaching the support to the user's desk or table. .The lower 
portion can provide other means of attachment as well, in place of the clamp, such as a flat 

i o plate to be permanently fastened to the table top, strong suction mounts, or other 

arrangements as are known to the art teWlth this clamp configurationew^ffl^t, the 
bottom end (19) of the lower portion extends at right angles to the vertical portion, and is 
drilled and tapped to accept a screw (20). .The screw (20) pushes on a sliding bar (1 8). 
clamping the table top between the bar (1 8) and a horizontal bar (1 7) on the support lower 

15 structure (9). .The bar (1 8) provides more clamping area for a stronger hold and less 

chance of marring the underside of the table top. If desired, however, the bar (18) could be 
omitted, and the screw (20) could be provided with a domed swivel end as is commonly 
used for C-clamps or the like. .Preferably, the screw (20) is fitted with a t-bar (21) or other 
handle, for ease of tightening and loosening. Alternatively, the end of the screw could 

20 have a wing or hex-nut shape, or there could be more than one screw. 

At the upper end (1 1) of the lower portion (9) a lip or collar supports the swivel arm (10), 
which has a hole which fits over the end of the lower portion (9), allowing the swivel arm 
(10) to swivel around the lower portion (9). At the other end of the swivel arm (10). k-this 

25 em*xHMm«Htranother hole fits a shaft ( 1 2) extending downward from the proj ector tray 
(8). A set-screw (13), fitting in a tapped hole in the end of the swivel arm (10), can be 
screwed against the shaft (12), holding it in place. The tray (8) can be adjusted to a wide 
range of projector heights by sliding the shaft (12) in the hole and tightening the set-screw 
(13). As noted, preferably the shaft ( 1 2) is attached to the projector tray (8) through a 

30 mechanism which -permitting tilt adjustment of the tray (8). .In the arm_embodimont 
stewftsystem shown, the end of the shaft (12) is attached by a pin (16) to a U-shaped 
bracket (14). When the set-screw (14) is loosened, the tray (8) may be tilted on the pin 
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(16) to the desired tilt angle, and then held at that angle by tightening the set-screw (14). 
Alternatively, the projector tray could be supported on a conventional ball-joint or double- 
swivel, or other such arrangement conventionally used on tripod heads or the like, 
providing an additional degree of adjustment. 

5 

Figure 6> shows an alternate gHji Kiahlc arm swtcm embedwww^hfrsappert of Figure 
52, in which an extension (32) of the lower portion (9) is at an angle to the vertical. The 
inner end (3 1 ) of the swivel arm (10) is formed as a collar, with a set-screw (30), so that it 
may be moved along the extension (32) to adjust the height and position of the arm (10). 

io The extension (32) may be fixed in position, or, by being formed of a smaller diameter 
material and fit into the- upper end (1 1) of the lower portion (9), may swivel around to 
provide more flexibility to the positioning of the projector tray. In the Figure 6* arm 
system o mbodim ettt, the projector tray (8) is supported on a ball-joint having a body (37) 
attached to the swivel arm (10), and a ball (38) within the body, to which the tray (8) is 

is attached by a short post. A set-screw (14) holds the ball (38) in position, but when the set- 
screw (14) is loosened, the projector tray (8) may be tilted in any direction. Figure 63 
also shows an alternative to the clamp base of Figure 53, in which the lower portion (9) of 
the support is bolted to the work surface using a fixed base (34) into which the lower 
portion (9) -fits. Base (34)- has a flange (33) with holes through which bolts (35) may be 

20 fit. The work surface is drilled for the bolts (35), and the bolts (35) are fastened down with 
matching nuts (36)\ Alternatively, wood screws or self-tapping sheet metal screws, or 
lagbolt slag bolts , could be used in place of the bolt-and-nut arrangement. 

Figure 8$ shows an . simple proj e ctor support arre ngemefl todjustable arm system , in which 
25 the projector tray (8) is fixed to a vertical support strut (50). The lower section of the 
support (9) is clamped to the table edge by a two-pan clamp having an upper part (57), 
which may be slid along the length of the lower section (9) and fixed in place by a set- 
screw (23), and a lower part (54) which can also be slid along the length of the lower 
section (9) by depressing a slide clamp lever (55). When the lower part of the clamp has 
30 been adjusted close to the bottom of the tabletop, the clamp lever (55) is released, and the 
clamp screw (56) is tightened to hold the support firmly to the table top. The height of the 
tray (8) may be varied by sliding strut (50) into the hollow upper section of the support 
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base (12), and locking it in place with a set-screw (51) threaded into a collar (52), tripod 
leg clamp, or similar element. 

Figure 96 shows another adjustable arm system embod i ro e ntof the proj e ctor s upport . In 
< this ami systcin ombodim e nt , the support arm (60) for the tray (8) is bent at right angles, so 
as to provide a single-piece support and horizontal movement arm. The height of the 
support arm (60) can be adjusted as described in Figure 8£, above, by sliding the lower 
vertical portion of the support arm (60) into the hollow vertical support pipe (62) and 
locking it in place with a set-screw (5 1 ) threaded into a collar (52), tripod leg clamp, or 

10 similar element. The vertical shaft of the support arm (60) is attached to the tray (8) with a 
swivel (61), so that the tray may be swiveled in a horizontal plane to aim the projector as 
desired. The vertical support pipe (62) forms part of a vacuum base (64) of conventional 
design. The vacuum base (64) can be moved into a desired position on the desktop, and 
then a vacuum lever (63) is moved to create a partial vacuum between the vacuum base 

15 gasket (65) and the desktop, holding it firmly in place. Vacuum bases of this kind are often 
used for table-top mounting of vises, lamps, camera supports or circuit-board clamps, but 
have not previously been used to mount projector supports in the novel pro jection monitor 
a£tem_ d « sktop monitor of the invention. 
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Figure 7 and 8 illiKt ntn t he jP ull in king a dvanc e;, o f li i , inv e n t i o n, whoro b y a u ^ur 
pr nc ti r- ing tha m o th nr l n f thp im ui ti u n rn nfinod in a M \ M n m rt rr, P i r o maj hii y w M 
"'iih n hrg n r dii p lqr, 1n r l b o rpaccd furttw frnm the dis p lay t li n n ir .r ing u tu n mi u iu ii u t 

<Htiw< I imngo. Fig. 7 diow g ,i p | n n v j P ^ 0 f a [>p i tj a | L ul ) i Ue arrang e mcnt with a CRT ^ 


' ^ .i ~ ^u/iventiona l 
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Ui o ccrcc n o f m o ml r 7H r - '« " " l ^»v th^ f^^^ 

fetaft oc contributes to ey es train: c e rtain l y i t is u ndis put ed^h^^ 
theH^iyefr^e ^i bocom oo mor e difficuh to focus al s hort dfc ia nw . . Mo reove r, nr . noted, 
m- thio arrangement the u se r e xperiences dir ec t uansm io sion of the light from -t h o s cr e en to 
the ov e. wh ich, a ccor din g to the inv e n t ? r^m^u ^r ^'y o^t min Th e ory (which, a s- a lse 

eyestr- ain and, of cour s e, th e monitor 7 8 tak es up a s ubstantial amount-of -vaJ uabk nl es ktop 

Fig. 8 s hows t htH?eropa rablc arrangement accord i ng to the invention. The same cubicle i s 
provided, so that de s k 70 and ohair 1A have to be fined into the same space D. How e v e r, 
inst e ad of monitor 7 8 . th e user i s prov i d e d with a proj e ctor 8 3 mount e d o n-a-s tand & 6 (in 
this case, having a 1J s h a ped clamping arrangem e nt, for s tabi l ity wh i l e consuming a 
minimal amount of d e sktop real e state), and projecting a disp l ay image o nto a screen 84 l 
As^sere en 84 is e ss e ntia l ly flat (and may even be wal l 72, if suitably s mooth and l i gh t- 
colored) it c o n s ume s no s p a ce. H e nc e the viewing di s tanc e d^ - between the s creen 8 4 and 
view e r & Q -is- at lea s t gr e at e r than d ^- by M so that th e viewer^ e y e s ar e focun s od at -a 
long e r distafl w^ than previou sl y , reduoing - eyestrain. As il l ustrat e d in Fig. 8, an imag e 
of width W can thu s b o provided in a given spac e that is much larg e r than M, th e l arge s t 
imag e po ss ibl e us i ng a standard monitor. That is, prov i d i ng an i mage of width W in th e 
s pace il lu s trated using a convention al monitor would h e out of iho que s tion, as the monitor 
fegwre d would bo s o l arg e that rhi> vi»iwr- c ™^ would be but a few in c h ec from the 
scr een, mak i ng it impossibl e to see the o nOfe4fflag e. Stat e d diffor o nt iy^eeerd4fl^k^j4e 
i^nt4oft^4n^ s i z c-AV4^pFov4ded- at a gr eat er di s ta nee^m-tk^eyesy 

fed^cm^ he eff e ctiv e w i dth of the imag o as compared to the pr i or art, and si mila rly 
r educ ing th n n mount o f h e ad ^wiv d ing n nd ro focu r.in g n omi na l ) i o^riew4bfrenV * 
and further alloviating vi e wing f a tigu e^ 
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Moreov er, n cc ordi n g to th e ^ emio^ nh e d i.tn n rn boM tia n t h o pr n joctor to the 
^^^^ 

a ^ Tlnt ^ p r ovir , ior] uf {ho i fiVemi ^^ 
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to be sp a c e d fu rth er from th e scr ee n tUz ****^^ 
ob l ig e d to b e sw pfMio d by th e de s k s urface al um - "Hiia o l ln^ fy nn nc of t h o projecte d 
^ or oo n in r e latively s mall space s , a s illu s tra te d. Still furth er, became the 
fe w th o light n ou i co. i.e., proj cntu r 82, to the view e r include s nor o n*y <fa 
e yestrain may btni fun aiu n o f tho d iH tnn rn hmv wn <mr **mA 
u> u, i l u ill bu l udueod ormrd i nr to r h r in v nnt io n for thfr r * ^ Finnllv. in accordan c e 
with-the-invcnter ^ C un i |j ul ci K yc strain The o ry, th o l ight wHte"*** reflection at screen 
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Thu^ areef&>&*Mh c method of tho inv e ntion, in order to max i m }^frw^W-rf4he 
Hrage-v-iewed-by- a user constrain e d to a workplace having maximum d o pth D. on e 
affa n gos a pro j ec t or 82 to project th e imago generally parall e l to dimension D, prevides-a 
s cr ee n or oth e r s uitab le r e fl e ct i ng surfac e substantially perp e ndicular to dim e nsion D. and 
then views the i mago at a di s ta n ce d^ which is ess e ntially D l es s th e space roquire d-fef4he 
u s or. and (typically) a s uitab l e chair. One can then control iho projector to provid e an 
imago of width W. m e a s ured p e rp e nd i cul a r to D. that i s significantly larg e r than the image 
available on a computer monitor fitting i nto tho same workspace and viewod-a^a 
s ignificantly gr e at e r distanc e , both reducing e y e strain.- For example, if th e d e pth d^-of 
desk 70 is 30 inches according t o th e inv e ntion a n image of width W e qu a l to 30 i nch es is 
enti rely feasib l e, while ev e n a 15 - inch mon i tor would consum e on undes i rably large 
proportion of s uch a d e sk. As noted, the inv e ntion also provid e s a r e flection i n th e path 
between tho user' s e y e s and th e projector, which itself serv es to further r e duce eyestrain 
accordi ng to the i n ventor' s Computer Ey e st rai n Th e ory. 
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lt-wf]44heF©for-G-be-appfeGiat€ 


r train o ceasioned-by 


a gr ea t e r distance than if viewing th e same siz e imag e on a monitor fitting into the same 
spac e . This increases th e focussing distance, provid i ng a fir s t benef i cia l eff e ct. Furth er 
increasing the spacing betw e en th e view e r and th e scre e n reduc es the effective width of an 
imag e of giv e n s iz e , r e duc i ng tho amount of h e ad - swiv e ling and r e focusing n e cessary to 
v i ew the entire image. (2) The d i stance from th e light sourc e to tho oyo is also increased, 


vtewedH^wif' B oy ^r - train according to the in»cwe ^€emp w E ntrain Theory (whi ch 



5 



ther e by. 


jo The Desktop Projector features inherent design advantages over all c urrent and emerging 
per sonal monitors in the display industry-. The invention h as the following advantages: 
produces cost effective large image sizes: enables a new degree of freed om in varying the 
image size, especially increasing the size, while creating a flat monitor: much longer total 
product lifetime with preferred user-replaceable lamps compared to non-proje ction 

j 5 displays. In addition, the projection monitor system of the invention is superior to the 
overwhelmingly established CRT monitor because of its minimal desktop usage and 
lightweight. 

Accordingly, it is to be understood that the embodiments of the invention herein described 
20 are merely illustrative of the application of the principles of the invention. Reference 

herein to details of the illustrated embodiments are not intended to limit the scope of the 
claims, which themselves recite those features regarded as essential to the invention. 
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Wh a t i f. claim e d ib: I claim: 

1 4, A m e thod o f e mp l oying a di s play s ystem, tor use within a work s pace d e fined by a w aU 

2 or oth e r phys i cal c lement to b e l im i t e d in e xtent ion dimen s ion -P of li mit e d d e p t h, sa id 

3 method providing a visible imag e respon s iv e to a v i d e o s i gn a l -p rov i d e d by a computer. 

4 wh e rein a tran s verso d i mensk>n - W of oo i d imag e i s relat i v e ly larg e compar e d to t he 

s dim e nsion D of the s pac e within which s a i d d is p l ay s y s t e m i f . e mp l oy e d, s aid dim e nsion 

8 for projecting an image respon s iv e to s a i d video signal, arranging sa i d projector so as-to 

n s urfac e i s g e nerally perpend i cular to th e d i r e ction of projection of sa i d image, and s o that 

12 s ai d - refl e ct i ng s urface is disposed in juxtaposition to said wall or oth e r phy s ical e l e ment 

13 de fining s a i d d i mension D, and proj e cting said imag e toward said s creen, whereby the 

14 width W of sa i d i mag e i s max i roiz e d - for a given depth D of the workspace. 

15 2* Th e m e thod ofclaim 1. compri s ing th e furth e r s t e p of s upporting sa i d 

16 p rojec t or on an adjustab le support m e chan i sm se cur e d to * de s k or lik e surface 

17 dis posed in said workspac e , said support m e oh a n i sm cov e ring l ess of the surface of 

18 s aid de s k than would said projector i fdisposod on said surface, and permitting sa i d 

19 projec tor to b e spa ce d furth er from s a i d scr een than if said proj e ctor w e r e d isposed 

20 on said surface. 


1, * 


37 


ABSTRACT 

A "Desktop Projector"; is a computer projection monitor method and system comprising 
of a &malJ-prc.jector, preferably support e d by o m e ohonienl arm. and a separate r eflective 
screen integrated into a personal workspace . for u se in li e u of a conv e ntional comput e r 
5 m onitor, providinges several bene fits, su b s t a n t ia l b e n e fits in t e rm s of r e duced oyn a train 
Projection monitor has a configuration of the projector and screen position in a personal 
workspace, providing the ability to create a large personal computer image and further 
increase the size. Further co mprising an adjustable arm to support the projector, the 
Desktop Projector enables the user to increase the control of the distance from the screen 
10 tpjhejjrojeclor, cnhancjngjhpj-angc o f image sizes created, while providin g a secure 

support for the projector and minimirino rh,» n.wl f or monitor d e sk space. The invention 
is a methodology and system design nf st rain reduction for personal displays. The 
projector in this application is basically a display engine with plastic enclosure, controls 
and user interface to form the finished product. The screen can be hung on a wall or from a 
ceiling or stand upright on an office desk, or could be the wall itself or a coating on the 
wal '- Th e m e chani c al arm e nnh lor. th » m a rm n , mrp | tne d i rtanco from tho s creen to i he 
fifej^HrAv44l«-pr-o viding a secure s upport f o r the projector and minimizing the n uo d fur 
monitor do s k space. The arm oan ro t a t e a full c i rcl e cither at the vert i co l cylinder or at tho 
resting plat o . This flexibility a ll ows the pro je ctor to fac e tho scre e n at th e correct angl e for 
20 various distances at any clamp i ng position on tho office d o ck. Tho invent i on mawimiaor, 
tho imago siz e and the distance betw ee n th o u s er and the imag o, red ucing e y es train, ami 
pr o v ide s a r e fl e ction in th o image path bmweon th e proj e c t or and tho u s er, furt he r re ducing 
eye s train. 
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